Provision of precise estimates of number of cattle infected as accurate as possible is important for dealing with control measures of bovine spongiform encephalopathy (BSE) in Japan. We extended backcalculation in order not only to estimate but also to interpret its present epidemiology. Results in previous studies in the UK were used for critical probability density functions such as the incubation period of BSE, age dependent susceptibility, and survivorship function of cattle. Based on eleven confirmed BSE cases, including and excluding two atypical cases, four possible trajectories, which proposed between two to eighteen cases until the year 2010 with reasonable 95 % prediction intervals, were obtained under different assumptions. Through the use of the age-stratified method, it was considered the major feed risk had been concentrated mainly in 1996 and thereafter was at a much reduced level. Technical matters in the application of backcalculation for a highly sparse record were discussed.
Introduction
The disease termed bovine spongiform encephalopathy (BSE) is an emerging infectious disease whose etiological agent is the proteinase K (PK) -resistant prion protein (PrPsc), an abnormal isoform of the prion protein25). This is now considered as a great public health threat because there is great concern about the potential implications for human health, given evidence supporting a link between BSE and a variant of Creutzfeldt Jakob Disease (vCJD) in humans 5).
The occurrence was first identified in Great Britain (GB) in November 198631), and BSE epidemics have occurred, mainly in the UK but also in other European countries32, 34). 
Materials and Methods
Description of case records Table 1 shows the time-series occurrence of BSE cases confirmed in Japan, derived from press releases of the MHLW, Japan19). Although an old suspected case aged 277 months, born in Shimane, showed a positive test result after screening with ELISA, a confirmed diagnosis has still not been completed due to the difficulties in obtaining an interpretation of the result with Western blot -the initial sample was not enough to rule out BSE. We exclude this case from consideration. Among 11 cases diagnosed, nine were from a very close age group (if we look at the month/year of birth) born between late 1995 and early 1996, and developed their disease after more than 60 months of their life. In addition, considering six of them from Hokkaido and two from Kanagawa prefecture, there seems to be geographic heterogeneity (birth place in specific prefectures in eastern Japan) in its occurrence. On the other hand, the other two were diagnosed at very early ages. Since the atypical proteinase K resistant prion protein (PrPres) was observed among the two cases and these were born after the complete ban of feeding ruminants with MBM35), further discussions are required on whether their meals were contaminated and how we should interpret these two cases from biological and epidemiologic viewpoints. Therefore, in our study, we investigated two different scenarios: (1) analysis with 11 cases in total and (2) another analysis excluding two atypical cases. Six (54.5%) were diagnosed with symptoms associated with BSE, while another five (45.5 %) were asymptomatic and were detected by screening measures. Since it is considered that animals showing positive test results without symptoms develop BSE Therefore, the relation is given by:
It 
where p (a,t) would be set equal to zero for all a<0. Here, the tune-dependent probability density of infection at time t, is given by:
where aI is the age at infection, and A is the maximum possible age at infection 8 
where
Its positive parameters are defined as ƒÁ1=1.45, ƒÁ2 = 0.645,ƒÁy3 = 0.826 and ƒÁ4 = 3.77 , respectively. These parameter values were determined with sensitivity analysis as well in previous studies13). With eqn.
[5], eqn.
[3] would be transformed to:
Detailed descriptions for the basis of our concept are given elsewhere20 Longitudinal trends for each age-cohort group are given in Fig. 2 . When we look at the age-cohort in 1996 ( Fig. 2a and   2c ), there would be at most two to four cases expected in the future. These qualitative patterns would not be too different according to survivorship. In the age-cohort in 2002 ( Fig. 2b and 2d), prediction with survivorship function would continue to decrease gradually while we might observe another peak in the occurrence of BSE without survivorship, and the prediction interval becomes a little wider.
Two other predictions, ignoring cases No. 8 and 9 in previous records, are given in the same way in Table 2b . In these scenarios, the risk from contaminated feed is estimated to contaminated food is given in Fig. 3 . Based on case records obtained, infection is supposed to have occurred mainly in 1996 or thereafter at a much reduced level.
Discussion
Backcalculation was used both to produce predictions of future cases and to estimate feed risks. Although quantitative patterns of our estimates would be affected by the two young cases No. 8 and 9, the study as a whole provided us with predictions with reasonable intervals. Our backcalculation-based expected number of cases might be approximately between two and eighteen by 2010. In this first attempt with Japanese settings, the problems included sparse case records as well as undetermined (unclear and/or unknown) origin of infection.
Furthermore, although it is going to be announced (see Appendix), we were not able to find detailed survivorship function in Japan when the transmission was the most intensive during the year 1996. These difficulties made it impossible to produce separate estimates for the number of cattle infected (but not yet symptomatic; non-cases) and BSE cases.
In order to interpret the trends of BSE cases in Japan, there are several technical matters to be noted, as follows.
Firstly, when we look at Table 1 and ignore the young two cases (and consider that case No. 5 may almost be included in the age cohort of 1996), there is no evidence that infection occurred in other years (observed only in age cohort of 1996). This leads to the results shown in Fig. 3 where the Fig. 3 The estimated time series of the risk of infection (feed risk) over time (K (t)). The highest risk can be seen in 1996. Fig. S1 Probability of survival for cattle by age in UK and Japan updated prediction so far was given in Table S2 . The trend shown includes the case No. 8 and 9 while survivorship function is replaced by Japanese original result (details given in Al). As a whole, the best estimates increased (compared to No. 12 is born and bred in Kyushu region (western Japan).
We therefore must assume, at least, the case No. 12 was infected separately as a case in geographically isolated herd.
Prediction in this cohort was given with only the case No. 12. This scarcity concerns the validity, or even feasibility, of our estimation, and disadvantages of backcalculation should be covered by other methodologies. 
